Protein S-thiolation and regulation of microsomal glutathione transferase activity by the glutathione redox couple.
Microsomal glutathione transferase (GSTm) is activated up to fivefold by incubation with glutathione disulfide (GSSG). The process is reversed by the addition of an NADPH-regenerating system consisting of glutathione reductase and glucose 6-phosphate/glucose-6-phosphate dehydrogenase. By treating the microsomes at different GSH/GSSG ratios a Kox value of 0.047 is found, i.e., 21 times more GSSG than GSH is necessary to produce half-maximal activation. The Kox is independent of the total glutathione concentration, indicating that S-thiolation by GSH rather than interchain or intrachain disulfide bridge formation is responsible for activation. Further evidence for S-thiolation of GSTm comes from SDS-PAGE under nonreducing conditions and Western blotting. Treating microsomes with GSSG or with GSH and t-butyl hydroperoxide or cumene hydroperoxide results in the appearance of a second GSTm band at approximately 17.7 kDa in addition to the native band at 17.3 kDa, the size difference approximately corresponding to the molecular mass of glutathione. The 17.7-kDa band is not seen in the presence of mercaptoethanol. Microsomal preparations from rat livers perfused with t-butyl hydroperoxide or cumene hydroperoxide also contain both GSTm forms. We suggest that under oxidative stress the microsomal GST in the cell can be activated through direct hydroperoxide-mediated S-thiolation of the enzyme with GSH, its reversal occurring via a thiol exchange-mediated dethiolation imposed by the intracellular glutathione redox state.